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Abstract: This paper describes the experimental 
findings of the extraction of nickel and iron by 
atmospheric leaching (AL) of a limonitic nickel 
laterite ore from Akure, in Ondo State Nigeria. 
Using Sodium thiosulphate acidified with 
trichloroacetic acid the effects of concentration of 
the leaching reagent, leaching time, temperature 
and particle size of the laterite. The mineralogy of 
the limonitic laterite ore characterized by X- ray 
Diffraction (XRD) and X-ray Fluorescence (XRF). 
The XRF analysis of the laterite sample shows the 
presence of Ni, Fe, Si, etc. XRD shows hematite, 
goethite, taenite, quartz and smectite are present in 
the crystal lattice. Experimental results indicated 
that within the investigated conditions the leaching 
rate of nickel was influenced by the increase in 
temperature and concentration of the leaching 
reagents but inversely proportional to the particle 
size.  
Keywords: Laterite; limonitic; sodium thiosulphate; 
trichloroacetic acid   
I. INTRODUCTION 
Ferrous and non-ferrous alloying industries, petro-chemical 
works, aerospace applications, coinage and coating practices 
are some of the areas of nickel utilization in industry which 
led to high demand for this metal throughout the world 
[1]
. 
Its use in the modern world is becoming unending due to 
some properties which it possess such as better corrosion 
resistance, better toughness, better strength at high and low 
temperatures and a range of special magnetic and electronic 
properties. 
Nickel which was initially mined from deep-pit sulphide 
based nickel reserves but now the trend is changing towards 
the more abundant lateritic type nickel resources, which 
account for about 70% of the world nickel reserves. This is 
due to technical, economic and environmental reasons 
[2]
. 
Laterites are marked by an enrichment of iron and a 
decrease of silica with the highly soluble alkalis and alkaline 
earth. But some of the characteristics of the composition and 
properties of laterites can be quite different and are strongly 
controlled by the chemical and physical features of the 
parent rock [3]. It is majorly used in road construction in 
Nigeria and as a means of building cheaper housing units in 
order to meet man’s need for shelter [4]. Laterite ores can be 
either   limonite which consist mainly goethite or 
magnesium rich silicate content which is saprolite. 
Leaching is the removal of a soluble fraction in form of a 
solution, from an insoluble permeable solid phase with 
which it is associated. The separation usually involves 
selective dissolution with or without diffusion [5]. The 
mechanism of leaching involves acid dissolution of the host 
mineral lattice, followed by hydrolysis and precipitation of 
insoluble oxides and sulphates of iron, aluminium and silica 
under high temperature conditions of a humid sub-tropical 
monsoon climate. Generally, the process can be considered 
in three parts: first, the change of phase of the solid as it 
dissolves in the solvent, secondly, its diffusion through the 
solvent in the pores of the solid to the outside of the particle, 
and thirdly, the transfer of the solute from the solution in 
contact with the particles in the main bulk of the solution [6]. 
Inorganic acids have been commonly used as leaching 
reagents in most studies but in recent years organic acid is in 
use [7]., [8]., [9]., [10]., [11]., [12]. Also autotrophic [13]., 
and heterotrophic[14].,[15].,[16].,microorganisms possess 
the potential to remove nickel from its ores. 
With an emerging economy like ours, the abundance of 
laterite distributed within different geographical location in 
the country as reported by [17] shows that it is inexhaustible 
and if explored beyond its use in the construction industry 
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can boost the metallurgical industry and serve as a good 
source of income generation to the nation. Laterite as a 
material has a lot of uses both in engineering and science, 
and it has been a source of income to some economies. 
From literature it was discovered that there are useful 
elements such as iron, nickel and so on that can be gotten 
from subjecting laterite to further processing. Few studies 
have been reported on the kinetics of this ore locally but 
[18]; [19] and [20] showed some interests in their respective 
studies. It is believed that with this research work, interest of 
both academics and industry can be aroused.  
II. MATERIALS 
Laterite used for this study was collected along Ilesa-Owo 
road before Futa-North gate, Akure, Ondo State. Elemental 
analysis such as XRF, XRD was carried out. Trichloroacetic 
acid and Sodium thiosulphate (Na2S2O3.5H2O) used were 
of analar grade. 
III. METHOD 
The laterite sample was crushed and ground using mortar 
and pestle to obtain fine particles. The fine particles were 
sieved into various sieve sizes using a mechanical shaker 
while the studied parameters were being observed.5g of fine 
laterite ore along with 100ml of 0.5 M of the acidified 
thiosulphate was measured into the flask. The sealed flasks 
were placed into a pre-heated water bath with shaker at a 
given temperature. The flask was removed and cooled in a 
desiccator after each experiment. Filtration was performed 
after cooling and the leached filtrate was analysed for metals 
using Atomic Absorption Spectrophotometer. Some 
parameters were fixed; while others were observed. 
 
 
 
 
 
IV. RESULT 
The result of the XRF analysis shown indicated that various 
elements are present in laterite, these include majorly Iron, 
Silica, Aluminium, Cobalt, Nickel, Tin, Molybdenum. The 
percentage of Nickel of 0.07% proved that the laterite 
sample is a limonitic ore. The XRD study revealed that the 
limonitic sample contained high amount of hematite (Fe2O3), 
goethite (FeOOH), taenite(ɣ-Ni,Fe) and quartz minerals 
with low amount of clay minerals (smectite and serpentine 
groups).The minerals present proves clearly that the metals 
of interests are found in the ore sample. Goethite and 
hematite which are hydrated iron oxide are the main iron 
bearing phase. Taenite is one of the four known repeating 
unit of ɣ-Fe Ni which is found mostly in Iron meteorites. 
Since it is an alloy, nickel can also be found in it. 
 
A. Effect of Temperature 
According to the extraction behaviour of nickel and iron 
with increasing temperature, it was noticed that there was an 
increasing trend in the extraction of nickel and iron with the 
process parameters given. For 35 °C, as much as 2.6% Ni 
and 39.6% Fe were leached and these increased 
exponentially to 8.3% Ni and 57% Fe. This has been 
supported by Georgiou and Papangelakis (1998) who 
reported that the leaching temperature favours increasing 
nickel and cobalt concentration ratios ‘(Ni or Co)/ (Fe-Al)’ 
as a result of inverse solubility of hematite and alunite in the 
pregnant leach liquor.  
Increase in temperature accelerates the rate of reaction 
which leads to increase in the laterite dissolution [19] and 
[20]. This will also aid the extraction of the metals present 
in the laterite ore. [1] also reported the behaviour of nickel 
extraction with increasing temperature, that there was an 
increasing trend in the extraction of nickel with other 
parameters put in place which later disappeared with further 
increase in the temperature beyond 265 oC. This claim was 
similar to what [21] and [22] reported. The cause of this 
behaviour was reported in the literature by indicating that in 
excess of 270oC, the possibility of nickel-magnesium 
sulphate (Mg, Ni)SO4.H2O co-precipitation increases 
severely due to lower solubility of magnesium at higher 
temperatures [23]. This precipitation is usually accompanied 
with nickel and cobalt losses to the precipitate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. Effects of Leaching Time 
Leaching duration used for this study ranges from 20 
minutes to 80 minutes. Ni extraction increased steadily 
5.5%-6.1% in the first 40 minute but there was a gradual 
decrease to 5.1% at 80 minute. This is unlike Fe which 
gradually increase from 37.6%-67.4% in 80 minute. This 
may be due to the fact that the concentration of the leached 
liquor remains constant then, the reaction time may not 
make much difference. In other words, these suggest that 
there may be very acid resistant refractory minerals present 
 
Table 1 Percentage of Metals Leached 
TEMPERATURE (◦c) 
Ni (%) Fe (%) 
35 2.6 39.6 
45 4.2 46.1 
55 5.7 53.1 
65 8.3 57.9 
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in this limonitic nickel laterite sample which prevented the 
leaching of nickel from the lattice of these minerals. For this 
study, the optimum extraction of nickel within the 
investigated experimental conditions was 6.1%. This was 
almost similar to the report of [24] where the optimum 
Nickel dissolution was reached in 120 minute and at varying 
acid concentration.  
Although, [1] reported that increasing nickel extraction 
continued from180 minutes up to 360 minutes of leaching 
duration, this trend resulted in an extraction value of around 
95%, which suggested that further increase in leaching 
duration would be of limited use in increasing the nickel and 
cobalt extraction. They also suggested that the prolonged 
leaching may be helpful in increasing the desired level of 
nickel and cobalt extractions. However, since prolonged 
leaching decreases the overall capacity of the plant and thus 
increases the cost, the optimal leaching duration should be 
selected whether the extra nickel and cobalt credits 
compensate for the former production expenses.  
 
Table 2   Percentage of Metals 
Leached 
TIME (min) 
 
Ni 
(%) 
 
Fe (%) 
20 5.5 37.64 
40 6.1 49.97 
60 5.3 53.40 
80 5.2  67.40 
 
Table 3    Percentage of 
Metal Leached 
CCl3CHO2 (M) 
Ni (%) Fe (%) 
0.1 2.8 0 
0.5 9.5 0.21 
1.0 12.6 0.23 
2.0 13.6 0.28 
 
C. Effects of  Leaching Liquor 
 
To shed light on the effects of different concentration of 
CCl3CHO2 on metals extractions, while the concentration of 
Na2S2O3 is at 0.5 M, leaching tests were performed within 
the range of 0.1-2.0 M and vice-versa. The variation in the 
concentration of TCA from 0.1-0.5 M improved Ni 
extraction greatly from 2.8 - 9.5%, and for Fe, 0 - 0.21%. A 
further increase in the concentration of the acid to 2.0 M 
increases the amount of nickel extracted to 13.6% while 
there was a slight increase for Fe extraction to 0.28%. The 
trichloroacetic acid easily attacked the Nickel-bearing lattice 
crystal. At higher concentration, it was able to mobilize 
nickel from the various mineral phases. This is also the 
same for Na2S2O3 except when its concentration exceeds 1.0 
M; the nickel extracted remained constant at 9.9%. Sodium 
thiosulphate is not favorable either to Fe extraction as it 
decreased with increase in its concentration. The result 
obtained is similar to that obtained by [24]. 
 
 
Table 4   Percentage of 
Metals Leached 
Na2S2O3(M) 
 
 
Ni (%) 
 
 
Fe (%) 
0.1 4.2 0.26 
0.5 9.5 0.21 
1.0 9.9 0.05 
2.0 9.9  0.01 
 
 
 
D. Effects of Particle Size 
 
The result of the particle size showed that the responses of 
nickel and iron extractions were positive when finer 
particles were used. The higher the particle size, the lower 
the amount of metals extracted. Reduction in particle size 
from 212 µm-38 µm gave an exponential increase in the 
extraction of Fe from 0% to 75%. This also applies to nickel 
extraction which increases from 0.13% to 3.1%. This was in 
agreement with the statement of [1]. The smaller the particle 
size, the wider the surface area of the refractory minerals 
and the better rate of chemical reaction of the leach liquor 
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with the refractory minerals. The effect was due to the 
increased surface area of refractory materials such as 
goethite, hematite and quartz containing small fractions of 
nickel and more iron which was verified by scanning 
electron microscopy of the limonitic nickel laterite sample. 
 
Table 5 Percentage of Metals 
Leached 
PARTICLE SIZE (µm) 
 
Ni (%) 
 
Fe 
(%) 
38 3.1 75 
75 2.8 25 
106 1.4 0 
212 0.13 0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
V. CONCLUSION 
 
Sodium thiosulphate acidified with Trichloroacetic acid can 
successfully leach nickel and other valuable metals from 
Laterite within the investigated experimental conditions 
aided when finer particle size are used at higher temperature. 
Nigerian laterite has large deposit of Nickel, Iron and other 
valuable metals which are of immense benefit to the 
economy if tapped. Full consideration should be given to 
their extraction. 
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